Data quality and detector characterization for Burst Search in Virgo data by Acernese, F. et al.
Data quality and detector characterization for Burst
Search in Virgo data
F. Acernese, P. Amico, M. Alshourbagy, F. Antonucci, S. Aoudia, P. Astone,
S. Avino, D. Babusci, G. Ballardin, F. Barone, et al.
To cite this version:
F. Acernese, P. Amico, M. Alshourbagy, F. Antonucci, S. Aoudia, et al.. Data quality and
detector characterization for Burst Search in Virgo data. J. Dumarchez, J. Traˆn Thanh Vaˆn.
42nd Rencontres de Moriond 2007 - Gravitational Waves and Experimental Gravity, Mar 2007,
La Thuile, Italy. The GIOI publishers, pp.111-114, 2007. <in2p3-00184660>
HAL Id: in2p3-00184660
http://hal.in2p3.fr/in2p3-00184660
Submitted on 31 Oct 2007
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 	

 ﬁﬀﬃﬂ !"ﬀ#"$%ﬀ&(')$(ﬁ+*,ﬁﬀ.-/
ﬀ$0123"ﬀ##54ﬃ(ﬀ#67
$
8
9 :<;>=>?A@)=BC=DE)F39 :<GIHJ;>K&LNMEO9 :QPRBCS)KT)?AUVWXLCLYE)8
9 :Q@#ZAK@&T;>;>H[L,\1E%]^9 :QK$T_HRV`EF39 :aBNZAK@)=bLN\E]^9 :Qc&Hd@K$D$E
ef9 ghVU)TBA;iHJjE%kl9 ghV1PJPJV?A_HJ@\bE%8
9 ghV1?AK@)=mDYEno9 ghV1?pB,KZ,ZAHqLALmEO9 ghV1?pB,TWPJHJV$rsEthS9 ]^9 ghV1T)=?uL,vbE8w9 gw=V1Tc#HJPJPd=bLYE
]^9 g
HJWKZ,ZpV#LALYE]^9 gwHd?AHd@%_=>PJPdHxLALbE)O9 :y9 gwHdzKTV?A_r1E%{a9 g
K;;>V1?pV|1E)8
9 gwK@_)T`E)n!9 gwK#B,HxL}M$E%{a9 gw?pV_)V$BC;pSHJV&LCLE
]^9 gw?pV;;iHJ@)HqLALYE%8
9 ~%9 cbV1@ _=@ gw?pV1@_LNvbE%:y9 g
?AHJPdPJ=iZp`1E)f9 gw?AHJBAB,K$@rbEef9 g
T%B,&T)PJHJ;YLYE<9{wVPdPJK@HJDbE%Q9{wV1GIV1W$@VvYE
8w9{wV?CUKW$@V1@H \ E)8w9{wVYcbV1PJHd=? r E%9{wVYcbVPdHJ=>?AH \ E%kl9{
=PdPRV LAL E)<9{
=mBCV?CHJ@)H v E<9{
SV$BCBAV1@%_=i}O/K1ZCZCHJ@ ` E
y9{
S)?AHJB,ZC=@B,=@\1E^{a9{
K$?A_)V&LCLYE):y9{
K?pB,HxLN\E)8w9{
KZ,ZCK$@)=YLNM#E):y9 N{a9{
PJVBCK@rE)8
9{
PJ=>cbV`$E)~9 }F39{
K$T)PdK$@`bE<9{
TK&;>K$\bE
:s9 eV1?AHxL}M$Es9 eaV1Z,ZCHJPJK$\$EO9 eaVYc&HJ=>?prbEO9_)=>PF!?C=>ZC=YLALmEy9 ea=yŁK$BAVD1Eno9 e<Hﬁ8ﬁHJK?A=D1E:y9 e<Hﬁ<HJ?CW$HdPJHJK&LALmE
g9 e<T1,V1?p_Hd@%`1E:s9 !Pd=TZC=?CHRD1E)O9 ocbV@BC\E)u9 8)=>?A?pV1@#ZC=bLCLmE%8
9 8[HJ_)=;>V?CKLCLYE)u9 8[HJK?AHJ\1E9 8ﬁPRV1GIHJ@)HJK&Lu \1E~%9 }ef9 8KT)?A@)HJ=>?p`bE
]^9 8)?pVBA;>V#L,\bE)8w9 8)?pVBA;iK@HqLALYE)n!9 kVGlGVHZAK@)HxL}M$E8w9 kV?CT)%D1E<9 k=@)HJ@\1E:s9 k=@)@VHqLALYE:s9 kHRV1zK1ZCZCK&LALYE
kl9 kHJK?p_)V1@Kj1En!9 kHJK?p_)V@)K$DbE%9 kK$TVbZNXLmEs9k?AV@VbZpV#LmEef9k?CK#BxN=mV1@LmEkl9 kT)HR_HRvE]^9 aV1G_)V@)HJ\E%]^9 Q=U)?CHR\1E
y9 Q=HZAGIV@)@`$EF39 Q=>PJPJK$rbEef9 QT)=>ZA\#E]^9 V1?AYV?uLYE]^9 ?A=;p$=>PJU%=?CW$SrYEF39 nVIF3=>@@V\bE%O9 nﬁVYcbV1PR`bEy9 n"=?CKbXrYE
y9 n"=>ZC=>@%_?C=bLbE)g9 n"K$%=z\1E%O9 nK?A=>@)zHd@HJvbEs9 n"K?AHJ=iZ,ZA=|E%kl9 nK$BCT)?p_K$vbE)~%9 O9 O	V$;pKbQBC#HRYE)Q9 O	V1NK?pV1@V&LN\YE
{a9 y9 O	V@ ` EOﬃ9 O	V@#ZCKbcbV1@)H LAL E8w9 OV1?p;pS)=BCK@)H LNM E)8w9 O	V?CHJK@ L E)~%9 O	V?A#T)= \ E8w9 O	V1?CZC=PdPJH v E:y9 O	V$BCBC=>?AK1Z L E
O9 O	V1zz>K$@)HJvE)no9 O/HJPJV@)K$DE8w9 O/=@)z>HJ@)W$=>?p\bE{a9 O/KHJ@BA\1E~%9 O	K?A=V1T%|YEy9 O/K?AW$V$_K$YE%ga9 O/K$T)?ABuLmE8w9 QK;i=?AV$\bE
{a9 FV1PJKGsU%V#L,\YE8w9 FVKPJ=iZ,ZAHJ\> LALmE]^9 FV1?p_HJD1E:y9 FVBA#TV1PJ=iZCZCHR\bE9 FVBABCV$#T)Hd=>ZCHxLCLE%es9 FVBAB,T=>PJPdKLCLmE%8
9 FoHJ=>?AWHJKbcbV1@)@HJvYE
n!9 F!Hd@%V1?p_)bE9 F3KW$WHRV1@)HxLALEO9 FoT)@#ZCT?CKL}M1E%F39 F!T))K&L,\1E]^9 cbV1@/_=>?QF!TZ,ZA=>@L,v$E)I9aHJ)HRV1@)HRD1EF39 QVV1W$@V1@)HxL,\YE
f9 Q=>HdZAV|E:y9 Ł=GlHJPJPdHJ=>T)$E8w9 QHJ;;iHxLN\E)u9 QHJ;;iHRV1?p_HJDE)F39 QT)WW$H"\1E%kl9 ŁTBAB,K#D1E]^9]&K$PdHJGI=>@)K#D1E:s9 ]&%V1PJPdHR;>;>HJ`E
O9 tﬁV?AVPdPJK&LALEO9 tK$@)=>PJPJHqLALYE:s9 tﬁK@%;i=>PJPJHqLALYE<9 tﬁKT?C@)=>=>?iLmE)8w9 t?pVYcbVBAB,KL}MbE{a9 tﬁ?C=GlK$PJV&LCLYE%kl9 oV1N=>@#ZC=fLALYE
es9 =>?A&Hd@_ZuL1E8w9 =>ZC?pV1@)K#vbE:y9 <HR;i=?)=vbE~%9 l9 aHd@)=>ZA`$E)y9 K;>;>V&L}MyV@_ O9 ac=?,ZiL
L>ﬁp 1¡Cb¢} b£q¡C¤I¥¦ §a¨¨¤p©>ªb«}¬d¤>«b­£®¤>¯°±¥$¤²!³&ªY´u£®µi¯¤I¥$¤u´a²Ł1¡u¢£®©>¯¬d¤i´·¶xﬁ§<²o²[¸m¹ﬁºC»¼b²h½u¾[¿»aÀÁ¹sÂﬁ¨£qÃb¤>¡p´p£q¢%Ä¤l¥¤
Á^bÃb b£®¤i¹§a¨%¨¤p©>ªb«}¬d¤i«b­ﬁ£®¤i¯°¹ﬁÅ"¡Cb¨^©A¤iÆ
\mÇw¯¡A AÈ¤A1¨ÊÉh¡C1Ã£q¢}b¢(£® b¨^b¬wËŁi´>¤i¡uÃbb¢} b¡uª¶xÇÉË[¸Y¹Q¿oY´>©>£q¨¶x²h£ ¸m¹3ºu¢}b¬£®bÆ
vºC»aÅ[»¹Á¤AÌ>£® b¨^¤f¥1£[Å!£q¡C¤>¨&Ìm¤}¾
Âﬁ¡>>£q¨ b¹oÁ^¤i´u¢ lÅo£® 1¡C¤>¨¢(£q¨ Y¹hb¨¥u¾^ 1¡/Âﬁ¨%£qÃY¤>¡p´u£q¢&Í±¥b£[Å!£q¡C¤>¨&Ìm¤i¹wb¨^¥p¾^ 1¡/Âﬁ¨%£qÃY¤>¡p´u£q¢&Í
¥b£Â[¡>i£q¨^ Y¹[ºi¢1¬£®YÆ
jmºC»aÅ[»¹[ﬁp b¡Ab¢} b¡u£ﬁ»fÌ>£® b¨^b¬£
¥1£[Å"¡CY´>©pb¢(£R¹3Å"¡CY´>©pb¢(£Ł¶xÀ<Îa¸Y¹ºu¢}b¬£®bÆ
Y[Ï±§¹y­ﬁ£q¬q¬d¤i¯¡>p1¨¨¤i¹3ª b¨)¹Å¡C1¨©p¤iÆ
Dmº,»aÅ[»¹´i¤pÌ>£® b¨^¤f¥1£ﬁ»spÈ) 1¬£
b¨^¥p¾ b¡/Â[¨£qÃb¤i¡p´u£q¢ÍÐ¥b£[»sAÈ b¬£ÑCÅﬁ¤p¥¤>¡u£®©p fºCº$ÑI¿o 1ÎQÈ^¬d¤u´p´> ÊÂﬁ¨%£qÃY¤>¡p´u£q¢1¡u£® ±¥1£Ï b¨¢}¤
Á^Ò§a¨#Ó#¤>¬d Y¹w1¨¥u¾^ b¡	Âﬁ¨£qÃb¤>¡p´p£q¢ÍÐ¥1£Á^1¬d¤>¡u¨ Y¹Åo£R´>©>£®b¨^ 	¶(Á^u¸Y¹[ºu¢}b¬£®bÆ
`mÔ
¤}È)1¡u¢¤>ÎI¤>¨¢§a¡u¢¤>Îl£R´ÕÖËŁi´>¤i¡uÃbb¢} b£q¡A¤l¥$¤y¬J	¿l× b¢}¤l¥"¦ §<Ì>¯¡p¹[Øw²ÚÙ¼¼#ÛÜ/Û$Ýb½#ÛiÙ/»£®©p¤i¹Q¿o¤A¥$¤C°lÙ)¹3Å¡Ab¨©p¤iÆ
rm§a[¹Â[¨£qÃy²Łb¡u£R´u«Á%¯¥b¹ﬁº,»y¼Y²h½i¾ﬁ¿"»<ÀÁ%¹<Ëh¡p´>bªY¹3Å"¡Cb¨^©p¤
|YÇ
Á²¿"ºu¹3²Łb¡u£R´p¹3Å"¡C1¨©p¤uÆ
LNMbº,»aÅ[»¹[Á¤AÌ>£® 1¨¤I¥b£ﬁ²Ł¤>¡u¯Ó£®±1¨¥p¾ b¡/Â[¨£qÃb¤i¡p´u£q¢Í±¥1£ﬁ²Ł¤>¡u¯Ó1£®b¹3²Ł¤>¡u¯Ó1£®b¹3ºu¢}b¬£®YÆ
LAL>ºC»aÅ[»¹3Á^¤pÌ>£® b¨^¤l¥1£ﬁ²w£R´>±1¨¥u¾^ b¡	Âﬁ¨£qÃb¤>¡p´p£q¢ÍÞ¥b£ﬁ²w£R´>Y¹²w£R´>Y¹3ºi¢1¬£®YÆ
L,\mºC»aÅ[»¹3Á^¤pÌ>£® b¨^¤l¥1£À< 1ÎI±b¨¥u¾^ 1¡/Âﬁ¨%£qÃY¤>¡p´u£q¢&ÍßÑCﬁlÁAÈ£®¤>¨&ÌmÑp¹[Àa bÎY¹[ºi¢1¬£®YÆ
LNvm»<ºCàáÇoÅo¹ﬁ»a«,âÛÛÜ
Ô
Ø7§aÎs´u¢}¤i¡C¥$bÎãb¨^¥p¾^ 1¡	­)¡u£ ä>¤	Âﬁ¨%£qÃY¤>¡p´u£q¢¤>£q¢®¹ﬁ»3«,â$Û1å$âlá/­§aÎs´u¢}¤i¡A¥bÎf¹aæ^³)¤
»f¤i¢x³)¤>¡u¬d1¨¥Y´>Ò
ç3è$éê
ë,ìuí1îï,ìiïNîðmñ&ì>ò!ó ìuíYé±ô®ê
óﬃõaö#÷ëNøïø}éuìiëNùCèÖùuì>ë}ëNîéuú	ðm÷ïîñ.ì·ø}îñ#ûmòéIîñbïNéAë}üJéAëNðmýéAïNéCëëNéuþb÷#îëNépø
ïNè$ðëNðm÷$ûmè÷$ñ&ú$éCëNøï,ìñ&úîñ#ûð>üïNè#éQþb÷&ì>òîïßlð>üïNè#é<ú#ìiï,ì ñ&úépéuúfýyì>ñbßfø}ð÷$ëNùpéAøwðü"ûòîïNù,èépíYéAñ1ïNøoùuì>ñ
ýîýîùŁê
ó ö$÷$ëNøïoépímépñbïNø "ç3è#é<ùpðmýýîø}ø}îðmñ$îñ$ûú$ì>ï,ìaï,ì
	îñ$ûéCëNîð1úlú$÷$ëNîñ$ûoè$îù,è
îëNûð
ëN÷$ñ/îñ/îïNø&ñ&ì>òﬁëNépùCß$ùAòépú	ùAðmñ#ûm÷ë,ì>ïNîðmñìñ#úÞïNè#éyòì>ïNépøïú#ìiï,ìÐì>ùuþb÷#îëNéuú/ú÷$ëNîñ#ûIóﬁﬀ è&ìuíYéöéAépñ
épøﬂéAùpîìòòß/÷#ø}éuúÐüRðëìñ ìòòﬃøﬂ	bß ê
ó ö#÷ëNøïaø}épì>ëNù,è  "!#$ëNðbùpépú$÷$ëNéïNðløß$øïNéAýyì>ïNîùuìòòß îúépñbïNîüdß±ïNè$é
éAëNîð1úøðü$ðbð>ëþb÷&ì>òîïß/ú#ìiï,ìIè&ì>øöépépñ/ø}éCï÷	ìñ&úÞïNè$éðëNîûmîñðüoïNè#éyè$îûè#épøï%îûñ&ìòﬁïNð'&wðmîø}é
ﬀ
ì>ïNîðIô(ﬁ&)ﬀwõﬁépíYépñbïNøè#ìiíméŁöépépñl÷$ñ&úéAëNøïNðbð1ú* 
+ ,
[ﬀ#h!#[
-".0/21435.(6'798:<;>=@?03BAC1D7E/
=GF3HJIK/L:</2IﬁMNOMK?PIﬁQSR.(M
TCIﬁ?0623BAU.0A*VLIK/
WXIK/23B=YIKVLIK/Z?P3OMK7EVLIﬁQS.0A\[.06
7O]^_V274?PN4`a^bV26
62MK.PIﬁA V2.PcdMe143B74?f.06gVL3hQi.0/2IﬁMV2?PNjQCIKVLIﬁMVD14/7ﬁkO.PV27EV2.P3BAi74?'H%7ﬁk4Iﬁ6Iﬁ=Y.PVLVLIﬁQml>NnMK7EV274MK?PNO62=Y.(MU746LVL/234FdT N>6
.0MK74?
IKk4IﬁA*V2662odM
T746"62oCFIK/
Ai3kE7EIf34/pM3B74?PIﬁ6
MIﬁAiMIq34Wrls.0Ai7E/2Ng6LN>62VLIﬁ=Y6K`utACI'34WrV2TCIqQi.PvwMKoi?0V2.PIﬁ6%34WrV2TCIfldoi/
6LV
6LIﬁ7E/
MTD.06V2TiI"Ti.01BTwWx74?06LI"74?07E/
=y/
7EVLIHuTCIﬁAg?P3 34;O.0AC1qWX34/%?P3H{zC.P1BAi74?iVL3}|p3B.06LI~u7EV2.P3D<zO|"~"IKk4IﬁA*V26u74AiQ
V2TCIqA>oi=}IK/
3Boi6u6L3Boi/
MIﬁ6u34WVL/
74Ad62.PIﬁA VuIKk4IﬁA V26pHpTi.0M
T7E/2IqQCIKVLIﬁMVLIﬁQel>NDV2TCIa" ldoC/
6LVFs.PFIﬁ?0.0ACIﬁ6K`^bA74A
.0AiQi.0k>.0Qdoi74?QCIKVLIﬁMVL34/'6LIﬁ7E/
M
TeHJIaMK74AdAC34VuIﬁ?0.(=Y.0Ai7EVLIfV2TiIZWx7E;4IaIKk4IﬁA V26"FIK/2WX34/=Y.0AC1YM3B.0AdMK.0QCIﬁAiMIZ74Ad74?PN>6
.06
Hu.PV2T974Ai34V2TCIK/pQCIKVLIﬁMVL34/6p3BoiVLFdoCVK`^bVu.06uV2TCIﬁA9=Y74AdQi7EVL34/2NVL3.0QiIﬁA*V2.PWNgW7E;4IqIKk4IﬁA*V"6L3BoC/
MIﬁ6K]ŁQioCI'VL3V2TCI
.0A VLIK/2WXIK/
3B=}IKVLIK/uF3>34/FIK/2WX34/=Y74AiMI34/uIﬁA k>.0/23BAi=}IﬁA V274?Qi.06LV2oi/2ld74AiMI4`
 
!  72%

TCIw62V2oiQCN.(6'WX3OMKoi6LIﬁQS3BASW3BoC/ZQi7EV27962IKV26K`

TiI}ci/
6LV'3BACI.06'V2TCIgug/
oiA]$Qi7ﬁNO6'34WQi7EV27V27E;>.0Ai19.0A
z>IKFiVLIﬁ=qlIK/qE4BDlIKW34/2IV2TCIY?P3BAC1962T>oCV2QC3HuA\HuTi.(M
T\VL3>34;Fd?(74MI}WX34/fV2TiI}^bACFsoCV'IﬁAdM
TU/2IKFs?074MIﬁ=}IﬁA VK`
zO.0AiMI9z>IKFiVLIﬁ=qlIK/YE4B>]/2IK1Bod?07E/9VN>Fd.0MK74?0?PNIKk4IK/2N#=Y3BA*V2TsqQi7EV27eV27E;O.0AC1UAi74=}IﬁQ#UIKIK; :<IﬁAiQnzOMK.0IﬁAiMI
~uoiA{zO~"ZTi7k4IDlŁIKIﬁA34/21B74Ai.0KIﬁQ]?0746LV2.(AC1e4eTC3BoC/6ZW/23B=C/
.0Qd7ﬁNSIKk4IﬁAi.(AC1VL3SR3BAiQi7N=}34/
Ad.0AC1C`
|p.(ACIZ{zO~VL3 34;Fd?074MIq74AdQ.0AQCIKFiV2T.(A*k4Iﬁ6LV2.01B7EV2.P3BAi6"Ti7ﬁk4IlIKIﬁA9FIK/2W34/
=}IﬁQ3BAi?PN3BAV2Ti/2IKIZ34WV2TiIﬁ=D
zC~y w<zOIKFiVLIﬁ=ZlIK/E4BB]¡9ﬂ¢B74A>oi7E/2N9E4*4]£xCIKli/
oi7E/
NDE4*4u74AiQe¤9xCIKli/
od7E/2N9E4*4`%.P1Boi/2I
 ZFd/2Iﬁ6LIﬁA V26V2TCIqk¥7E/
.03Boi6u6LIﬁAd62.PV2.PkO.PV2.PIﬁ6%34liV274.(ACIﬁQQioi/
.0AC1}V2TCIﬁ62IZ/
oiAd6K`

TCIflIﬁ6LVu74MTi.PIKk4IﬁQ\6LIﬁAi62.0V2.Pk>.0VN.06
7El3BoCVWIKH¦ K>§d¨L¨©4ª «e¬w.0AV2TCI K4Y­u:
 ;O­pZ/2IK1B.P3BA¡`
®^îû÷$ëNé%¯±°ﬁç3è$érwîëNûmðø}éAñ#ø}îïNîíîïßfüJðëoïNè#éhíì>ëNîð÷#ø!ú#ìiï,ìø}éAïNø
² 
!  7
´³s("6ﬁ0
^bA VLIK/2WIK/23B=}IKVLIK/%Qi7EV27'?0.P;4I74A Na34V2TCIK/QCIKVLIﬁMVL34/JQi7EV27'IµCTi.Pld.0V26)odACWX34/
Iﬁ6LIKIﬁAYAC3B.062IJIKk4IﬁA V26HuTi.0MT}MK74AY6LF3B.0?
74A*Ne74Ai74?PNO62.06K`^AeFd7E/2V2.0MKoi?(7E/ﬁ]sW34/ldoC/
62V"6LIﬁ7E/M
TCIﬁ6K]¡746V2TiIK/2I}.06pAi362VL/23BAC1V2TCIK34/2IKV2.0MK74?Fd/2IﬁQi.0MV2.P3BAd6W34/
V2TCI}H%7ﬁk4IKW34/
=Y6K])?P34V2634WAC3B.(6LI}6L3BoC/
MIﬁ6'MK74AU=Y.(=Y.0MqV2TCII¶ŁIﬁMVf34WJ714/
7ﬁkO.PV27EV2.P3BAd74?HJ7k4I4`·"A N H%7ﬁN4])74?0?
AC3B.06LI}6L3Boi/
MIﬁ6'QC3DAC34V'Ti7ﬁk4IwV2TCI}6274=}IY.0=}Fs74MVp3BA\V2TCIY74Ad74?PN>6
.06uFs.PFIﬁ?0.0ACI4`

HJ3D=Y74.0A\MK7EVLIK1434/
.PIﬁ6qMK74A
lIwQCIKcdACIﬁQ¡`wC34/q¸f¹º%7EVLIK1434/2Nh E])V2TCIYFIK/
.P3OQU=qod6LVflI}/2Iﬁ=}3k4IwlIKWX34/
IY/
oiAiAd.0AC1gV2TCIYFd.PFIﬁ?0.(ACIq746q.PV
MK74A´6LF3B.0?74?(?V2TCI/2Iﬁ6
oi?PV26qIKk4IﬁA»W7E/W/23B=¼V2Ti.06qFŁIK/.P3>Q¡`

Td.06ZMK7EVLIK1434/2N»/2IﬁQiIKcdACIﬁ6qV2TCIDQi7EV27\6LIK1B=}IﬁA V
HuTi.0MTS7E/2Iw.(AiQCIKFIﬁAiQCIﬁA V2?PN974Ai74?PN>KIﬁQ`gC34/ZV2TCI6LIﬁM3BAiQSMK7EVLIK1434/2N4]rV2TiIYFIK/
.P3OQeMK74AlI}IµOMK?0odQCIﬁQU7EWXVLIK/
V2TCID74Ai74?PNO62.06K`\R93B62Va34WpV2TCIgV2.0=}I4].PVM34/2/2Iﬁ6LF3BAiQd6ZVL3eFIK/
.P3OQi6f34Wu½E34l>kO.P3Boi62½\=Y74?PWxoiAiMV2.03BAi.0AC1D34WpV2TCI
QCIKVLIﬁMVL34/}34/ZFd/2Iﬁ6LIﬁAiMI34W½E34l kO.P3Boi62½Iµ>VLIK/Ai74?AC3B.(6LIw6L3BoC/MIﬁ6K`9JNSAC3Hf]W34/ZV2TCIci/
6LVqMK7EVLIK1434/2N4]3BAi?PN
V2TC/2IKIZ¸f¹ f¾d7E1B6uTi7k4IflIKIﬁA9QCIKcdAiIﬁQ
 E`u¿AiQgtW$À¡3OM2;Ł?0746LV%6LIﬁM3BAiQi6J34W$Qd7EV27ZlIKW34/2IpV2TiI"?P3B6
634W$=w.P/2/234/JM3BA*VL/23B?<`

Ti.06FIK/
.P3OQY.06JM
Ti7E/
74M±:
VLIK/.PKIﬁQDl>Ng6LVL/
3BAC1Y3B62MK.0?(?07EV2.P3BAi6%?PIﬁ74Qi.(AC1}V2TCIf?P3B62634W)?P3OM2;Ł`

TiIf?0746LVf KY6LIﬁM3BAdQi6u7E/2IZ¾d7E1414IﬁQ`
>`"74?0.Pli/
7EV2.03BA¡W34/MK74?0.Pld/
7EV2.P3BAFdoC/
FŁ3B62Iﬁ6K]B6L3B=}IHpTi.PVLIAC3B.062I.06.0A¥ÁLIﬁMVLIﬁQY3BAYV2TCIp=Y.0/2/234/?PIﬁ74Qi.(AC1VL3
7gQC/
74=w7EV2.0Mq.(AiM/2Iﬁ746LI34WV2TCIQi7E/2;WX/
.(AC14IqAC3B.(6LI4`

TCI}=w.0A oiVLIﬁ6uW3B?0?P3Hu.0AC1V2TCIaAi3B.06LI.0A¥ÁLIﬁMV2.P3BA
7E/
IZ74?06L3}/2Iﬁ=Y3k4IﬁQ746uV2TCIf.0A¥ÁLIﬁMV2.P3BADIµCMK.PVLIﬁ6p6L3B=}I'/2Iﬁ6L3BAd74AiMIﬁ6K`
8>`uÀÂ.0ACIﬁ6K7EWVLIK/Z7/2Iﬁ?P3OM2;Ł]$.PV'7EFiFIﬁ7E/
6V2Ti7EV'V2TiI}k>.P3B?(.0A=Y3>QCI34WJV2TCIY=Y.P/
/234/"6
oi6LFIﬁAi62.P3BAHu.P/
Iﬁ6'7E/2I
IµCMK.PVLIﬁQ`

TCITCIﬁ.P1BT V"34WV2TCI}8484£­ux=Y74.(A/
Iﬁ6L3BAi74AiMIp?0.0AiIq.06=}3BAi.0VL34/2IﬁQeHu.PV2T\7gld74AiQe~pR\z
74AdQDV2TCI'FIK/
.P3OQ.06¾d7E1414IﬁQV2.0?0?ŁV2TCIfkE74?0oCIf.06%14/
Iﬁ7EVLIK/pV2Ti74A K*ÃÄ34W)V2TCIZ=Y7¥µC.0=Y74?kE74?0oCI

TC/2IKIf6
oClMK?074626LIﬁ6%34Wr¸f¹'¾d7E1B6uMK74A9lIfQCIKcdACIﬁQ¡
 E`

IﬁM
TdAi.0MK74?ÂFi/234ld?PIﬁ=º.0A9V2TiIZ14/
7k>.PV27EV2.03BAi74?)HJ7k4IMTi74AiACIﬁ?%xTs/2IﬁM3BAi6LVL/oiMV2.P3BA.PV"7EFiFIﬁ7E/
6uHpTCIﬁA
V2TiI"FIK/
=w74ACIﬁA*VMK74?0.0li/
7EV2.P3BA?0.0AiIﬁ67E/2I'VL3>3}HJIﬁ7E;VL3Y.0Ad62oC/2I"7143 3OQDM3B=}FdoCV27EV2.03BAD34WÂT`

TCI¾d7E1
.(6%Fi/23kO.0QCIﬁQl>NgV2TCIf/2IﬁM3BAi62VL/
oiMV2.P3BA9.0V26LIﬁ?PWb`
>`u¿k4IﬁA*V26fHuTi.0MTUMK74AUlIa¾s7E1414IﬁQSl>Ne74AUIµOVLIK/
Ai74?rMTi74AiACIﬁ?62oiM
TU746Z7D6LIﬁ.062=}3B=YIKVLIK/fWX34/ZIµO74=}Fs?PI4`
·".P/2Fs?074ACIﬁ6%7E/2IZ7}V_N Fs.0MK74?IµC74=}Fd?PI'34W62oiMTD;>.(AiQ34WÂIKk4IﬁA V26"746u62TC3HuA3BA.P1Boi/2IZ>`
8>`u¿k4IﬁA*V26ZHuTi.0MTS.0A k43B?Pk4Iﬁ6fV2TiIY34FiV2.0MK74?rlIﬁTi7k>.034/f34W%V2TCIw.0A VLIK/2WIK/23B=}IKVLIK/q6
oiM
TS746qM3BA*VL/
3B?62.P1BAd74?06K
6
7EV2oC/
7EV2.P3BA'34WCM3B.0?4Qi/
.Pk4IK/
634/ÂFdTC34VL3OQi.P3OQCIﬁ6K]ﬁFi/
34ld?PIﬁ=m34W>V2TCI?0746LIK/$WX/2IﬁÅ>oCIﬁAiMN6LV27Eld.(?0.Pﬁ7EV2.P3BAYx62.01BAi74?
.(AV2TCIfM3BA*VL/
3B?$?P3>34F7El3k4IZ7Y1B.Pk4IﬁADV2TC/2Iﬁ6
TC3B?0Qs
ÆTd.0?PI'¸f¹¾d7E1B6?PIﬁ74Q9VL3Y7Y62.P1BAi.0cdMK74A*VJ/2IﬁQiodMV2.P3BA34WÂV2TiIfQioCVNMNOMK?PI'WX34/uV2TCIqq/
oiAUW/23B=Ç¥ÈC`ÉgÃyVL3
B `ÈÃY]dV2TCIﬁ.P/.0=}Fs74MVlIﬁM3B=}Iﬁ6ACIK1B?0.01B.Pld?PI.0AV2TCIf{zO~Ê/
oiAi6K`
®^îûm÷ëNéﬁ°s!
îë<$òdì>ñ#éŁø}épéAñIöbßsìø}épîø}ýðmýéAïNéCëL ç3è#ér#òð>ï
ø}è$ðLoø!ïNè$éwïNîýébﬃxüJëNéuþb÷#éAñ#ùAßyýyì
lðüìø}épîø}ýðmýéAïNéCëoðm÷$ï<$÷$ïL 
Ë Ì"Í
^[KÎ
Ï3Î
Ì"Í
^[
Í
0
tAiMIqV2TCIZ¸f¹Ð¾d7E1B6"7E/2IZ7EFdFd?0.PIﬁQ]CHJIZVL/
NgVL3goiAiQCIK/6LV274AiQV2TCIaMK74oi6LIf34WrV2TCIq?P3BoiQCIﬁ6LVuIKk4IﬁA*V26"74AiQ9HpTCIﬁA
F3B6262.Pld?0I"QCIKcsACIf7}k4IKVL3C`

TC/2IKIf=Y74.0AD6
oCl9MK?074626LIﬁ6u34WÂk4IKVL3>Iﬁ6"MK74A9lIfQCIKcdACIﬁQ¡
Ñ
IµOVLIK/
Ai74?$6L3BoC/
MIx62Iﬁ.062=Y.0M74MV2.PkO.PV_N4]d74M3Boi6LV2.0MZAC3B.06LI%MK?0Iﬁ7E/
?PNw/
Iﬁ?07EVLIﬁQ9VL3YV2TiIfQi7E/2;gWX/
.(AC14IIKk4IﬁA*V
Ñ
M3BA VL/23B?p?P3 34FÆ62.P1BAi74?(69xAC34V.0A k43B?Pk4IﬁQn.0A´V2TCIQd7E/2;»WX/
.(AC14I9M3BA*VL/
3B?XIµCTi.Pld.0V26}6LVL/
74AC14IlŁIﬁTd7ﬁkO.P34/
?0Iﬁ74Qi.0AC1VL3wQi7E/
;W/
.0AC14IIKk4IﬁA V26K`

TCI'Fi/234Fd7E1B7EV2.03BA9=}IﬁM
Td74Ai.062=Ò.(662oCFiF3B6LIﬁQgVL3YlIfoiAdQCIK/
6LVL3>3>Q¡`
Ñ
V2TiIQd7E/2;9W/
.0AC14IaIKk4IﬁA*Vf7EFdFŁIﬁ7E/6".(AM34/2/
Iﬁ?07EV2.P3BA\Hu.PV2TIKk4IﬁA V26f.0AeV2TCI34V2TCIK/'34FiV2.0MK74?62.01BAi74?06}x¸f
34/Z34V2TCIK/Z·uÐ62.01BAi74?06uldoCVV2TCI}WxoiAiQd74=}IﬁA*V274?34/.P1B.0AU.06'AC34VfMK?0Iﬁ7E/
?PNodAiQCIK/
6LVL3>3OQ`q^A\V2Ti.06'MK7462I4]
V2TiIfTi7E/
QCH%7E/2If.0A¥ÁLIﬁMV2.P3BAi67E/
Ifk4IK/2ND.0=}F34/2V274A V.0A34/
QCIK/VL3wIKk¥74?0od7EVLIZV2TCIf627EWIKVND34W)V2TCIfk4IKVL3>Iﬁ6K`
^bAe74?0?)MK746LIﬁ6K]V2TCIqIKvwMK.PIﬁAiMNW/
74MV2.P3BA34WQi7E/
;DWX/
.(AC14IfIKk4IﬁA V26'62oCFiFi/
Iﬁ626LIﬁQDl>N9V2TCIqk4IKVL3 ]¡V2TCIqQiIﬁ74Q
V2.0=}I´WX/74MV2.P3BAÆ34WZ62MK.PIﬁAiMI\V2.0=YI62oCFdFi/2Iﬁ626LIﬁQjl NjV2TCIk4IKVL3 ]V2TCI\oi6LIeFIK/
MIﬁA V27E14I´W/
74MV2.P3BAÆ34Wfk4IKVL3
IKk4IﬁA*V26'.(AM3B.0AiMK.(QCIﬁAiMIZHp.PV2T7gQi7E/2;DW/
.0AC14IZIKk4IﬁA*VpTi7k4IaVL3glIZIKkE74?0oi7EVLIﬁQ`'t"WM3BoC/
62I4]Ł746pci/
6LV"M
TCIﬁM
;s]
V2TCIM3B.(AiMK.0QCIﬁAiMI}/7EVLITi746ZVL39lIwM3B=}Fd7E/2IﬁQVL3V2TCI74MKMK.0QCIﬁA V274?/
7EVLI\WX/
74MV2.03BAS34W%W74?(6LIw74626L3OMK.07EV2.P3BAd6
74AiQ962Ti3Boi?0QlŁI'62.01BAi.PcdMK74A V2?PNwTi.01BTCIK/ﬁ`r·Ó½E143>3OQi½k4IKVL362Ti3Boi?0QgTi7ﬁk4IZ7}Td.P1BTDoi6LIFIK/
MIﬁA V27E14IZ74AiQD7}?P3H
QCIﬁ74Q9V2.(=}I4`·ÐTi.P1BTIKvwMK.PIﬁAdMNW34/V2TCIZTd.P1BTCIﬁ6LVuzO|"~Ê.06k4IK/2Ng.(A*VLIK/2Iﬁ62V2.0AC1C`
zC~Z %IKk4IﬁA VQi.062VL/
.PldoCV2.03BAZ.06QC3B=Y.(Ai7EVLIﬁQl N62.0=w.0?07E/)IKk4IﬁA*V26M
Ti7E/
74MVLIK/.PKIﬁQYl>Na7'62VL/23BAC1'3B62MK.0?(?07EV2.P3BA
34WCV2TCIM3BA VL/23B?*6
.P1BAi74?06x62IKI.P1BoC/2I8B`

Td.06;>.(AiQ34WOIKk4IﬁA*V26.06Iﬁ746
.0?PN"k4IKVL3 IﬁQaoi62.0Ai1%74A N'34FiV2.0MK74?*M
Ti74AiAiIﬁ?ﬂ`
^_VJ7EFiFIﬁ7E/
6V2Td7EVV2TCIﬁ62IuIKk4IﬁA V26J7E/
IuFi/2Iﬁ62IﬁA*VJ7EV7Z6
=Y74?0?PIK//7EVLI".0Ag `z>3B=}IuM34/
/2Iﬁ?07EV2.P3BAi6Hu.PV2TYIµ>VL/2Iﬁ=YI
k¥74?(oCIﬁ634WrV2TCIa74AC1Boi?07E/"QCIK14/2IKIﬁ6p34WrWX/
IKIﬁQC3B=ºTd7ﬁk4IalŁIKIﬁA934ld6LIK/2k4IﬁQ`

TCIZ74Ai74?PNO62.06u34WV2TCIqTCIﬁ.01BT*Vp34WrV2TCI
62.0QCIKls74AiQi66LIKIﬁ=Y6ZVL39.0AiQi.0MK7EVLI}V2Td7EV'V2TCI}IKk4IﬁA*V26a7E/2I}/2Iﬁ?(7EVLIﬁQUVL39V2TCIYQi.(627EFiFIﬁ7E/
74AiMI34WJ3BACIw62.0QiIKld74AiQ]
?PIﬁ74Qi.0Ai1VL396LFs.P;4Iﬁ6'.0AeV2TCI}M3BA*VL/
3B??P3>34Fd6K`

TiIaFd/234ld?PIﬁ=Ô6LIKIﬁ=Y6'VL39Td7ﬁk4IYQi.06
7EFiFIﬁ7E/2IﬁQ6
.0AiMI}7V2.P1BT VLIK/
74?0.P1BAi=YIﬁA*VTi746lŁIKIﬁA.0=}Fd?PIﬁ=YIﬁA*VLIﬁQD74AiQ7lŁIKVLVLIK/pld74?074AiMI'lIKV_HIKIﬁA62.0QCIKld74AdQi6%Ti746lIKIﬁA974M
Td.PIKk4IﬁQ`
®^îûm÷ëNéÕ°Qç3è$éòéAüJï$òð>ïQø}è#ðLoø<ìñ±ébÖ$ìý#òéaðüùpðñbï}ëNðmòi$ëNðö#òépýø ç3è$éëNîûmèbï#òð>ïNøëNépø}épñbïQìyï(ß#îùuì>ò×)Ø[ðØsÙépíYépñbï
ôRïNð± °ioè$îïNéAñlèlïNîýéhø}éAëNîépøÚ#öðï}ïNðý°ïNîýé_ﬃ®üdëNéuþb÷#épñ$ùAßýyì
õ}õÂ 
¸oC/
.0AC1\ ]ÂV2TiIwIKk4IﬁA V26a7E/
IgAC34VqoiAi.PW34/
=Y?PNeQi.06LVL/.PldoCVLIﬁQU.0ASV2.0=}IwlsoCVZ7EFiFIﬁ7E/Zl>N\ldoiAiMT?07462V2.0AC1
WXIKHÐ6LIﬁM3BAiQd6ax6LIKI.P1BoC/2Ia8B`

TCIZ62FŁIﬁMVL/
3414/
74=º6
TC3Hu6pV2Ti7EVpV2TCIZIKk4IﬁA V267E/2IZli/
3B74QCld74AiQM3BA*VL/
7E/
NDVL3
=}3B6LV%34W¡IKk4IﬁA V26MK74oi6LIﬁQgl>NYIµOVLIK/
Ai74?ŁQi.06LV2oC/
ld74AiMI4`

Ti.06li/23B74QCls74AiQw6LFIﬁMVL/
74?62.01BAi7EV2oC/2Ip1B7ﬁk4IfTi.0A V26VL3
.0QCIﬁA V2.PWNDV2TCIaJ3B%6'746?P3OMK74?Â.0AdM/2Iﬁ746LIﬁ6"34WV2TCIAC3B.06LIa?PIKk4Iﬁ?QioCIqVL374A\.0AdM/2Iﬁ746LIa34WV2TCIM3BoCFd?0.0Ai1YW74MVL34/
lIKVHJIKIﬁA\V2TCIqW/2IﬁÅ>oCIﬁAiMNAi3B.06LIgHpTi.0M
Te.06QC3B=Y.(Ai74A*V"7EV'Ti.P1BT9W/2IﬁÅ>oCIﬁAiMN9W34/Zw74AiQV2TiIaQi7E/
;9WX/.0AC14I4`

HJ3wF3B6262.Pls?PIpk4IKVL3>Iﬁ6Ti7ﬁk4IqlIKIﬁA96LIKVpoiF¡`

TiI'ci/
6LV3BACIa.06ld7462IﬁQ93BA7wÅ oi74Qi/
7EV2.0M'M3B=qld.0Ai7EV2.P3BA34Wr74?0?
74AC1B?PIﬁ6%HuTd.0?PIuV2TiI62IﬁM3BAiQD3BACI'Qi.P/
IﬁMV2?PNYoi6LIﬁ6%V2TCI'TCIﬁ.01BT*V.0AgV2TCI'Qi7E/2;wWX/
.(AC14I"MTi74AiACIﬁ?34W)7?0.0ACI".0A¥ÁLIﬁMVLIﬁQ
7EV%V2TCIp?07462IK/J?PIKk4Iﬁ?<`J34V2Tgk4IKVL3>Iﬁ6%1B.Pk4Iﬁ6%62.0=Y.0?(7E/r/2Iﬁ62oi?PV26ﬁ`)^bV6
TC3Boi?0QwlŁIpAC34V2.0MIﬁQV2Ti7EVV2Td.06;O.0AiQY34W¡IKk4IﬁA*V26
7E/2IfFi/
Iﬁ6LIﬁA*Vp7EVu74?0?$zO|"~{kE74?0oCIﬁ674AdQDMK74AiAC34VlIf.06L3B?(7EVLIﬁQ`
Û
ﬂ±[!%(
0(ﬁ

TCI"ÈlŁIﬁ62VJ6LIKV26J34WÂ-".P/
143aQi7EV27Ti746JlIKIﬁAgQCIKIKFd?PNw.(A*k4Iﬁ6LV2.01B7EVLIﬁQg.(Aw34/
QiIK/JVL3}.0QiIﬁA*V2.PWN}V2TCIAC3B.06LI6L3BoC/MIﬁ6
HuTi.0MTwMK74Ag=Y.0=Y.(M%V2TCIuI¶IﬁMV%34W7q14/
7k>.PV27EV2.03BAi74?dH%7ﬁk4I4`%z>IKk4IK/
74?ŁMK7EVLIK1434/
.PIﬁ6%Ti7ﬁk4I"lIKIﬁAwQCIKcsACIﬁQw74MKM34/
QC:
.0AC1B?PN}VL3V2TCIﬁ.0/J.0=YFd74MV3BAgV2TCI74Ai74?PNO62.06J74AiQgQi7EV27Å od74?0.PVN}¾s7E1B67E/2I"Ai3Hm/23BoCV2.0AiIﬁ?PNFi/23OQioiMIﬁQWX34/%Iﬁ74M
T
ACIKHÜ/
odA`}·%VfV2TCIY?PIKk4Iﬁ?r34WJIKk4IﬁA V:<l N :<IKk4IﬁA*Vk4IKVL3>Iﬁ6K]6LIKk4IK/
74?AC3B.(6LIY6L3BoC/
MIﬁ6ZTi7ﬁk4IYlIKIﬁAU.0QiIﬁA*V2.PcdIﬁQU74AiQ
=}3B6LVp34W)V2TiIfV2.0=}I4]iV2TiIfFdT N>62.(MK74?¡=}IﬁM
Td74Ai.062=ÒTd746lIKIﬁA9oiAiQiIK/
6LVL3>3>Q`

Ti.06QCIKVLIﬁMVL34/'M
Td7E/
74MVLIK/
.Pﬁ7EV2.P3BA
I¶Ł34/
Vu74?0?P3Hu67lIKVLVLIK/uoiAiQiIK/
6LV274AiQi.(AC1Z34W)V2TCIfQCIKVLIﬁMVL34/74AiQFi/23k>.(QCIﬁ6%VL3YV2TCIf%oC/
62VJ14/
3BoCF9V2TCIf=}Iﬁ74Ad6
WX34/pFIK/2WX34/=Y.0AC1oCFiFIK/?0.0=Y.0VIﬁ6LV2.(=Y7EV2.P3BAi6i¨¥`
ÝÖ*,ﬀ#
)0
 E`"`i-7ÁIﬁA VLIgW34/V2TCIZ-".P/
143J3B?0?07El34/
7EV2.P3BAŁ]>ÞeßBà0á"Æ¸u·$]s[)3B6LV2Qi74=¼ﬂE4BB
>`pR` :·q`J.0K3Boi7E/
QW34/V2TCIZ-".P/
143J3B?0?07El34/
7EV2.P3BAŁ]>V2TiIﬁ6LIfFi/23OMIKIﬁQi.0Ai1B6
